The transient solution to several problems that was obtained by numerical integration of equations of motion using a finite difference (FD) technique is compared with the complex-frequency solutions obtained by the approximate wave theoretical (AL) method of K. Aki and K. L. Larner. The excellent agreement between the two solutions not only provides a comparative check on the accuracies of the two techniques, but also demonstrates that the interpretation of the AL solution is comparable to the Fourier transform of the transient solution premultiplied by an exponential window. Most of the paper is devoted to a discussion of two models that are relevant to the engineering-seismological study of earthquake motions in soft layers of varying thicknesses. The FD and AL solutions show that lateral reverberations of waves produced by the nonplanar structure form complex interference patterns that are not predicted by the usual flat-layer approximations. In one example, constructive interference enhances the peak amplitude of the transient motion over the center of the basin by a factor of 3 relative to the flat-layer solutions. The results indicate that a realistic appraisal of earthquake hazards in areas underlain by soft surficial layers should include the effect of nonuniformity in the structure. 
above, a brief discussion is given here. In the AL solution a plane single-frequency wave is assumed to be incident from below. This wave causes a displacement field represented by superposition of plane waves of unknown complex amplitudes propagating in many directions. Inhomogeneous plane waves are allowed. The total motion is an integration over all directions, or equivalently, over horizontal wave number k. Under the assumption that the irregularity in structure repeats itself horizontally, the integral is replaced by an infinite sum. Truncation of this sum and application of the interface conditions yield a system of equations that are solved for the complex scattering coefficients. The equations can then be substituted back into the finite-sum representation of the total displacement to yield the motion and stress at any point in the medium. It is important to note that this is a singlefrequency solution.
• [Ricker, 1945] . We can require the initial displacements to be far enough from the interface so that the analytical initial displacements are almost zero in the region of heterogeneity (Figure 1 ). This stipulation justifies our use of simple analytical values to start the problem.
Also shown in Figure I are some of the boundary conditions used. Using a symmetric structure and vertically incident SH waves enables us to solve for the motion in just half the region, as shown, with the left boundary (plane of symmetry) treated as a free surface. In the FD solution the other vertical boundary and the bottom are artificial boundaries imposed by the requirements of computer storage space. On these boundaries the motion at each time step is given as if the basin were not present. This is shape of the models considered in this paper, the boundary conditions used at the artificial boundaries, and the location of the initial displacements. The models are symmetric about the left edge.
an approximation and can lead to spurious motion at the surface after the wave, reflected downward from the bump, is again reflected by the impedance mismatch at the artificial boundaries. In practice the artificial boundaries are placed as far from the region of heterogeneity as is economically feasible.
Comparison. To compare the FD solution with the AL solution, Fourier transforms of the time-domain solutions must be computed. There are, however, several practical difficulties in the computation. For one, the spurious disturbances from the grid boundaries can contribute significantly to the later parts of the record. Furthermore, the surface response in some problems reverberates for quite a while, and because the finite-difference solution calculates this response only up to some finite time, noticeable truncation effects may be encountered. Thus it is desirable to apply a window to the time series such that the later amplitudes will be diminished. The question arises as to the type of window that should be applied. According to the convolution theorem, the resulting spectral amplitudes must be compared with a smoothed version of the spectra computed from the AL technique. This, in general, would require a number of AL solu-tions at nearby frequencies and thus would be cumbersome and expensive. As discussed in an earlier paper [Aki and Larner, 1970] , however, this smoothing can be conveniently accomplished by computing a single AL solution by using complex frequency. Phinney [1965] pointed out that this corresponds to using an exponential window in the time domain with decay time given by the reciprocal of the imaginary part of the radial frequency. Thus by using this particular form for the window, we can directly compare the FD and AL solutions.
CRUST-MANTLE PROBLEM
In this section, we discuss a model in which the slope of the interface is relatively steep; in the section following, a model with a large velocity contrast and a less steep slope is studied. For both models the incident wavelengths are comparable to the dimensions of the heterogeneity, thus precluding an accurate solution by techniques such as simple ray tracing.
Consider The time domain comparisons with the FLA (Figures 6 and 12 ) also show significant variations, some of which were not expected from consideration of the spectral amplitude anomalies. Prominent among these is the large pulse in the time series at the center of the soft basin model 1 (Figure 6 ). This pulse is three times larger than that predicted from the FLA; yet this discrepancy does not show up to such a degree in the amplitude spectra. This variation may be important in earthquake hazard evaluations, for the details of the ground motion's time history may be more important than the relative magnification of its various frequency components in the determination of structural failure; that is to say, the phase spectrum anomaly should also be considered. 
CONCLUSION
We have shown that, for two different types of problems involving an elastic layer of variable thickness overlying an elastic half-space, the Aki-Larner and finite difference methods give solutions that agree to within better than 5% of one another. Because of the basic differences between the methods, this agreement implies that the computed solutions are close to the real solutions. In making the comparison we have also seen the value of using an exponential window in the time domain and have verified this process as being equivalent to solving the problem in the complex frequency domain. On the basis of the comparison here we can apply, with some confidence, the respective methods to other types of wave scattering problems.
The concurrent use of the frequency-and time-domain solutions was helpful in studying the soft basin problems. The sensitive dependence of the amplitude spectrum on period makes predictions of ground motions difiqcult; yet the details of the time-domain behavior may be at least as important as the amplification in determining the hazard of seismic energy to man-made structures. We have also seen in these problems that the usual fiat-layer approximations give results that can deviate significantly from the actual answers. Thus whenever strong reverberations are expected in a nonplanar layered structure, the fiat-layer approximation may be inadequate.
